Summary. The effect of various taurine concentrations in modified Tyrode's medium on in vitro fertilization of mouse oocytes was examined. No significant difference in fertilization rate was found at concentrations of 0, 0\m=.\1,1, 5, 10 and 20 mM taurine. In a second series of experiments, the effect of taurine on preimplantation embryonic development after fertilization in vitro was studied. At concentrations of 1, 5, 10 and 20 mM taurine, significantly more two-cell embryos reached the blastocyst stage compared with medium without taurine. Culture in the presence of 5 mM or 10 mM taurine resulted in blastocysts with the highest mean number of cells. The positive effect of taurine on embryonic development was found to be more pronounced both in a second medium (human tubal fluid medium) which has a higher potassium concentration than Tyrode's medium, and in a modified Tyrode's medium with an increased potassium concentration. In addition to these in vitro studies, it is reported that taurine comprised about 59% of the total free amino acid content in mouse oviduct flushings, compared with 17% in mouse serum.
Introduction
Taurine and its precursor hypotaurine are sulfur-containing ß-amino acids, and they are present at relatively high concentrations in female reproductive tract fluids of several mammals (Meizel et ai, 1980; Casslén, 1987; Miller & Schultz, 1987) , in human semen (Hernvann et al., 1986) and in spermatozoal acrosomes (Velazquez et al., 1986) .
Much is already known about the role of taurine in the processes of sperm capacitation and in vitro fertilization (IVF) for different species. Hamster spermatozoa require taurine or hypotaurine in the culture medium to maintain their motility and viability during in vitro capacitation (Mrsny et al., 1979) . Also, the fertilizing capacity of hamster spermatozoa in vitro is enhanced by taurine and hypotaurine (Leibfried & Bavister, 1981 , 1982 . In the cow, the presence of hypotaurine in the medium stimulates in vitro fertilization (Ball et al., 1983) . However, mouse spermatozoa do not need the addition of taurine to exhibit their full fertilizing ability (Fraser, 1986) . Although it has been reported that human spermatozoa capacitate faster in medium with taurine added (Mortimer, 1986; Chan, 1985) , their fertilizing ability in vitro does not seem to be increased by taurine (Mahadevan & Trounson, 1985) .
However, the role of taurine in mammalian embryonic development during the preimplantation stages is less clear. The purpose of the present study was first to examine the effect of taurine on in vitro culture of preimplantation mouse embryos. Second, reproductive tract fluids of female mice were analysed for the presence of taurine.
Materials and Methods
Modified Tyrode's medium (T6) (Quinn et ai, 1984) For all experiments (C57BL/6 DBA/2)F, hybrid female mice (B6D2F1) were purchased from Charles River Wiga (Sulzfeld, Germany). Oocytes were obtained by superovulating 7-11-week-old females with 10 iu pregnant mares' serum gonadotrophin (PMSG, Sigma) and 48 h later 10 iu human chorionic gonadotrophin (hCG, Sigma). Sixteen hours after hCG injection, the females were killed by cervical dislocation. Their oviducts were dissected and transferred to Hepes-buffered T6 (Quinn et ai, 1984) . The cumulus masses containing the oocytes were released from the swollen ampullae of the oviducts, washed once and transferred to Multidish 4-well dishes (Nunc, Life Technology BV, Breda, The Netherlands) containing I ml of the fertilization medium.
Caudal epididymal spermatozoa were obtained from 12-18-week-old CD-I males. After incision of the tissues, the spermatozoa were allowed to disperse into T6 medium supplemented with 30 mg BSA/ml. After 30 min, the epididymal tissue was removed and the spermatozoa were allowed to capacitate for a further 90 min at 37°C. The oocytes were inseminated with a calculated amount of the sperm suspension to give a final concentration of approximately 2 000 000 motile sperm/ml.
Experiments to study the effect of taurine on fertilization and embryonic development in vitro were of a randomized block design (Fleiss, 1986 (Fleiss, 1986 Five replicate experiments using five to nine females per experiment were performed. Media with the same taurine concentrations as in Expt 1 were used. Five hours after insemination in medium without taurine, oocytes were divided at random among medium without taurine and the five taurine-containing media. All the embryos, from two experiments, developing a distinct blastocoel at 120 h after insemination were fixed and stained with 4'6-diamidino-2-phenylindole (DAPI) according to the method of Mori et ai (1988) . This DNA-staining technique allows an accurate count of the number of nuclei, and thus of the number of cells in each embryo.
Experiment 3: comparison of two culture media of different inorganic composition supplemented with taurine In this experiment, T6 medium and human tubai fluid medium (HTF) (Quinn et ai, 1985) were used for the culture of embryos. Four replicate experiments using four to six females per experiment were performed. Five hours after insemination in T6 medium without taurine, the oocytes were randomly divided among T6 and HTF medium without taurine and T6 and HTF medium with 5 mM taurine. For these experiments, 34 females were used. Five hours after insemination in medium without taurine, a mean number of 42-7 + 10-5 oocytes per female (total number of oocytes: 1451) was divided among the six media. After 24 h, the numbers of two-cell embryos were not significantly different in the six media (data not shown). Table 2 shows that, with respect to the mean number of blastocysts per female developing from two-cell embryos, the means of the groups cultured in media with taurine concentrations of 1-20 mM are significantly different from the mean of the control group (no taurine). The mean cell number of blastocysts, as estimated by the number of nuclei that developed in media with 5 nM and 10 nM taurine was significantly higher than in medium without taurine (Table 3) . (Table 3) . After 24 h, the numbers of two-cell embryos were not significantly different in the four groups (data not shown). For both types of medium, embryo development in taurine-supplemented medium resulted in a significantly higher blastocyst formation ( (Table 5 ). Experiment 5: the presence of taurine in mouse oviduct fluid Collection of nonhaemolysed serum and oviduct-flushing fluid was successful in five mice. In the 150 µ fluid with which both oviducts of one mouse were flushed, a total mean concentration of 558 +121 pmol/l free amino acids was found. The mean concentration of taurine in the oviductflushing samples was 329 + 70pmol/l(+ sd). As oviduct fluid volume measurements were not The percentage of the total amino acid content measured (only amino acids that were found both in serum and in oviduct flushings are taken into account); sem are not shown when they are below 0-5%.
made, only the relative composition (%) of amino acids found in the oviduct flushings is tabulated in Table 6 , together with the relative composition of the same amino acids found in serum. Amino acids found in serum that could not be demonstrated in the oviduct flush samples were not taken into account. Although amino acid concentrations varied considerably among mice (e.g. minimum-maximum values of taurine concentration in serum and oviduct flushings of the five mice are 373-912 pmol/1 and 233^401 µ / , respectively), the variation in amino acid compo¬ sition was very small, both in serum and in oviduct flushings.
Discussion
The results indicate that capacitation and IVF in the presence of taurine do not affect fertilization rate in mice at any of the concentrations tested. This is consistent with the observations of Fraser (1986) , who reported that mouse spermatozoa do not require taurine to exhibit their maximum fertilizing ability and showed that, although addition of 01, 0-3 or 10 mM taurine in the absence of BSA resulted in higher fertilization rates, this increase was not found in media supplemented with BSA.
The inclusion of taurine in the culture medium resulted in significantly more two-cell embryos reaching the blastocyst stage for all tested taurine concentrations of 1 mM and higher. Embryos cultured in the presence of 5 and 10 mM taurine resulted in blastocysts with a higher mean number of cells compared with blastocysts cultured in medium without taurine.
To test whether the observed positive effect of taurine was a phenomenon specific for T6 culture medium, we compared the development of mouse embryos in T6 medium and HTF medium, with and without taurine. In the HTF medium, the positive effect of taurine was even more pronounced than in T6 medium. HTF has been shown by Quinn et al. ( 1985) to be a more suitable medium than T6 for human I VF and for culturing mouse one-cell embryos. (Meizel, 1985) . Although their exact roles are not clear, both compounds seem to exert their effect by influencing the activity of the enzyme Na+-K+-ATPase. Na+-K+-ATPase is a plasma-membrane enzyme that controls intracellular + levels. The activity of this enzyme is inhibited in a low +-environment (Thomas, 1972) . Mrsny and Meizel (1985) showed that taurine decreases the Na + -K + -ATPase activity of sperm cell membranes in a dose-dependent manner. High K+ levels have been shown to be detrimental to sperm motility in vitro (Fraser, 1983 (Mrsny & Meizel, 1985) . It has been suggested that taurine may protect the spermatozoa against high K+ concentrations by reducing the Na+-K + -ATPase activity and consequently the influx of extracellular K+ (Mrsny & Meizel, 1985) . Both taurine and K+ are present in high concentrations in mammalian reproductive tract fluids. We found in the mouse that taurine comprised about 17% of the total free amino acid content in serum, whereas it amounted to 59% in the oviduct flushing samples. The relative proportions of the amino acids found in serum are comparable to those found by Schultz et al. (1981) . Human uterine fluid has also been shown to contain high concentrations of taurine, varying from 3 to 17mmol/l, i.e. up to 400-fold higher than that in blood plasma (Casslén, 1987) . The concentration of taurine is highest during the luteal phase of the menstrual cycle (Casslén, 1987) . The K+ concentration in human uterine fluid has been shown to be approximately 20 mM at midcycle, which is about five times higher than that in human plasma (Casslén, 1984) . Different K + concentrations in the human oviduct have been reported. Lippes et al. (1972) found K+ concen¬ trations between 7-7 mM and 9-9 mM, depending on the stage of the menstrual cycle, whereas In the mouse, the K + concentration in oviduct fluid was found to vary from 18 mM to 30 mM, depending on the stage of the oestrous cycle and the segment of the oviduct studied (Borland et ai, 1977; Roblero et ai, 1976) . During pseudopregnancy, mouse uterine fluid has a very high K+ content, ranging from 35 mM on day 1 to 75 mM on day 5 (Wales & Edirisinghe, 1989) .
The high combined concentration of taurine and K+ in reproductive tract fluids suggests that, in vivo, taurine might also protect the spermatozoa from the high K+ levels by reducing the Na+-K + -ATPase activity (Mrsny & Meizel, 1985) . Not only do mammalian sperm capacitation and fertilization take place in uterine and oviductal fluids, but these fluids also make up the environment in which the embryo develops during the preimplantation stages. It is possible that taurine influences embryonic development in the same manner as it influences sperm motility, capacitation and fertilization, i.e. by protection against the high K+ concentrations found in reproductive tract fluids. Findings of a greater stimulating effect of taurine in the media containing higher K+ concentration are consistent with such a hypothesis. It remains to be shown whether the favourable role of taurine in embryonic development is exerted by protecting embryos against high K+ concentrations by decreasing the Na+-K + -ATPase activity of embryonic membranes.
